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Before 1963, poliovirus vaccine produced in the United States was contaminated with simian virus 40 (SV40),
which causes cancer in animals. To examine whether early-life SV40 infection can cause human cancer, the authors
studied 54,796 children enrolled in the US-based Collaborative Perinatal Project (CPP) in 1959–1966, 52 of whom
developed cancer by their eighth birthday. Those children whose mothers had received pre-1963 poliovirus vaccine
during pregnancy (22.5% of the children) had an increased incidence of neural tumors (hazard ratio = 2.6, 95%
confidence interval: 1.0, 6.7; 18 cases) and hematologic malignancies (hazard ratio = 2.8, 95% confidence interval:
1.2, 6.4; 22 cases). For 50 CPP children with cancer and 200 CPP control children, the authors tested paired
maternal serum samples from pregnancy for SV40 antibodies using a virus-like particle enzyme immunoassay and
a plaque neutralization assay. Overall, mothers exhibited infrequent, low-level SV40 antibody reactivity, and only six
case mothers seroconverted by either assay. Using the two SV40 assays, maternal SV40 seroconversion during
pregnancy was not consistently related to children’s case/control status or mothers’ receipt of pre-1963 vaccine. The
authors conclude that an increased cancer risk in CPP children whose mothers received pre-1963 poliovirus vaccine
was unlikely to have been due to SV40 infection transmitted from mothers to their children.

BK virus; brain neoplasms; child; leukemia; neoplasms; poliovirus; poliovirus vaccines; simian virus 40

Abbreviations: CI, confidence interval; ORSA, sampling-adjusted odds ratio; SV40, simian virus 40; VLP, virus-like particle.

Simian virus 40 (SV40), a macaque polyomavirus, contam-
inated 10–30 percent of doses of poliovirus vaccine used in
the United States from 1955 through 1962 (1). This contami-
nation arose because, before the discovery of SV40 in 1960
and subsequent changes in vaccine manufacture, poliovirus
vaccines were produced in monkey tissue harboring SV40. In
the United States, SV40-contaminated inactivated poliovirus
vaccine was given parenterally to tens of millions of people,
and some also received SV40-contaminated oral poliovirus

vaccine (1). These exposures have raised concern, because
SV40 causes malignancies in laboratory rodents (2). Some
researchers, though not all, have identified SV40 DNA
sequences in a variety of human tumors, including pediatric
brain tumors (3, 4). Given conflicting data, the question of
whether SV40 causes cancer in humans remains controversial
(see review by the Institute of Medicine (2)).

During the period when poliovirus vaccines were contam-
inated with live SV40, inactivated poliovirus vaccine was
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frequently administered to pregnant women in the United
States. Conceivably, mothers acquiring SV40 infection as a
result of vaccination during pregnancy could have trans-
mitted the virus to their children, either in utero or shortly
after birth. In laboratory animals, SV40 acquired during the
newborn period is especially tumorigenic (5). Nonetheless,
large-scale follow-up studies of children who received
SV40-contaminated poliovirus vaccine as young children
(even as neonates) have not revealed them to be at increased
cancer risk (6–8).

Heinonen et al. (9) previously examined the possible asso-
ciation between maternal poliovirus vaccination during preg-
nancy and childhood cancer, using data on children under age
4 years from the Collaborative Perinatal Project (described in
more detail below). These investigators found a strong rela-
tion between maternal poliovirus vaccination and risk of
neural tumors (relative risk = 12; p < 0.01). They also noted a
nonsignificant excess risk of leukemia in children whose
mothers had received poliovirus vaccine during pregnancy
(relative risk = 1.8; p value not reported). However, these
results were based on only eight children with neural tumors
and eight children with leukemia. Furthermore, Heinonen et
al. considered all exposures to inactivated poliovirus vaccine
during pregnancy as the relevant risk factor for childhood
cancer, although only pre-1963 inactivated poliovirus
vaccine contained SV40 (1). Subsequently, Rosa et al. (10)
found SV40 antibodies in only 9 percent of the mothers of the
cancer cases studied by Heinonen et al. Thus, while Heinonen
et al.’s study is the only cohort study to have found a relation
between exposure to early poliovirus vaccine and cancer, the
small number of cancer cases and the lack of serologic
evidence of SV40 infection in the mothers complicate inter-
pretation of its findings.

In the present study, we extended the prior work by
Heinonen et al. and Rosa et al. We examined cancer inci-
dence among children in the Collaborative Perinatal Project
up to their eighth birthday and included 52 children with
cancer, more than twice as many as were evaluated previ-
ously (9). Additionally, we separately considered maternal
exposures to pre-1963 poliovirus vaccine (both inactivated
poliovirus vaccine and oral poliovirus vaccine, both of
which were contaminated with SV40) and poliovirus
vaccine manufactured in or after 1963 (which was free of
SV40). Finally, we measured SV40 serostatus in a case-
control study within the Collaborative Perinatal Project, to
examine whether SV40 infection could reasonably account
for associations between maternal receipt of poliovirus
vaccine and subsequent cancer in children.

MATERIALS AND METHODS

Cohort description, vaccine exposures, and cancer 
outcomes

The Collaborative Perinatal Project, a cohort study
designed to evaluate risk factors for childhood neurodevel-
opmental disorders, enrolled pregnant women and their
subsequently born children at 12 US university medical
centers in 1959–1966 (11). The cohort comprised 54,796

children born to 44,621 mothers. Enrolled mothers had study
visits scheduled as an integral part of their prenatal and
subsequent medical care. At their first visit (median of 20
weeks’ gestation), mothers provided a detailed medical
history, including history of vaccinations, and a blood
sample. At later visits during and after pregnancy, mothers
provided interval histories and additional blood samples.
Children were seen at 4-month intervals during their first
year and at 4 years and 7–8 years of age, and mothers were
interviewed annually (12). After being informed regarding
the purpose of the Collaborative Perinatal Project, partici-
pating mothers provided verbal consent. The present investi-
gation was approved by a National Cancer Institute
institutional review board.

At study visits made during pregnancy, information on
receipt of poliovirus vaccine was obtained from interview of
mothers and a review of clinic records. Poliovirus vaccine
type was classified as inactivated, oral, or unspecified. Infor-
mation on the date of the last menstrual period and the lunar
month in which vaccination occurred was used to date
vaccine exposures (classified for analysis as pre-1963 vs.
1963+).

Malignancies arising in Project children up to their eighth
birthday had previously been identified in several ways (13).
First, study identification numbers of children with cancer
were obtained through a previous study of childhood cancer
in this cohort (14). Second, potential cancer cases were iden-
tified in a review of records of all children without life-
threatening anomalies who weighed at least 1,500 g at birth
and who died after the first week of life. Third, Project diag-
nostic summary forms, completed at 1 and 7 years of age,
were reviewed. Cases were included only if cancer was
confirmed by a medical record summary that provided a
histologic diagnosis, a clinical course (including treatment)
consistent with a cancer diagnosis, or both.

Statistical methods for cohort analysis

We calculated the incidence (number of events per
100,000 person-years) of all cancers together and, sepa-
rately, the incidence of neural tumors, hematologic malig-
nancies, and miscellaneous tumors (see table 1 for
classification). Children were considered to be under follow-
up through their last examination (median duration of
follow-up, 7.3 years; interquartile range, 6.0–8.0 years). We
calculated incidence separately for children with maternal
receipt during pregnancy of pre-1963 poliovirus vaccine
(possibly contaminated with SV40), children with maternal
receipt during pregnancy of only 1963+ poliovirus vaccine
(SV40-free), and children with no maternal receipt of polio-
virus vaccine during pregnancy. For each cancer outcome,
we plotted Kaplan-Meier curves for these three strata.
Proportional hazards regression was used to derive vaccine-
associated hazard ratios for these cancer outcomes and to
adjust for possible confounding by demographic characteris-
tics. These analyses used a method of Wei et al. (15) that
accounted for correlated outcomes in children with the same
mother.
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Case-control study

We also conducted a case-control study based within this
cohort to determine whether SV40 seroconversions during
pregnancy were more common in mothers of cases than in
mothers of controls and whether SV40 seroconversions were
related to receipt of pre-1963 poliovirus vaccine. Cases (n =
50) were those children who developed a malignancy during
follow-up and for whom two maternal serum samples were
available from the pregnancy with the study child (the index
pregnancy). Similarly, we selected 200 controls who did not
develop malignancy during completed follow-up (i.e.,
“cumulative” control sampling (16)) and for whom two
stored serum samples were available from the index preg-
nancy (see description of sampling below). For some case
and control mothers, the second serum sample was obtained
after delivery.

The primary measure of children’s SV40 exposure was
maternal SV40 seroconversion during pregnancy, which
could be measured for all children with paired maternal
serum samples. Nonetheless, we considered that poliovirus
vaccination was the most likely route by which mothers
could acquire SV40 during pregnancy, so we additionally
classified their paired serum samples as “informative” or
“uninformative” according to the likelihood of observing
SV40 seroconversion related to vaccination—that is,

mothers’ paired serum samples were considered informative
if they bracketed vaccination in an appropriate manner.
Specifically, we allowed for a lag of 6 weeks for the devel-
opment of SV40 antibodies following SV40 infection. Thus,
paired serum samples were considered informative for SV40
seroconversion if at least one dose of poliovirus vaccine was
administered during the window from 6 weeks prior to the
first serum sample to 6 weeks prior to the second serum
sample.

By design, the 200 controls were randomly sampled in
varying proportions from strata defined by maternal vaccina-
tion status and informativeness (table 2). This two-stage
sampling strategy allowed us to increase statistical effi-
ciency (i.e., we maximized the expected number of serocon-
verters by oversampling informative mothers and those who
received pre-1963 inactivated poliovirus vaccine) and to
have sufficient numbers of control mothers with various
vaccine exposures to examine the relation between vaccina-
tion and SV40 seroconversion (16). Because of this
sampling strategy, crude seroconversion rates and corre-
sponding odds ratios do not reflect the underlying parame-
ters. Therefore, as described below, we incorporated
information on the sampling fractions from control strata
into the analyses to obtain valid comparisons of seroconver-
sion rates across groups.

TABLE 1.   Malignancies observed during follow-up among 54,796 children aged 0–7 years enrolled in the 
Collaborative Perinatal Project in 1959–1966

* Number of cases whose mothers received pre-1963 poliovirus vaccine during pregnancy.

Malignancy

All children 
(ages 0–7 years)

Children aged 0–3 years
Children aged 

4–7 yearsIncluded in study by 
Heinonen et al. (9)

Not included in study 
by Heinonen et al. (9)

No. of 
cases

No. 
exposed*

No. of 
cases

No. 
exposed*

No. of 
cases

No. 
exposed*

No. of 
cases

No. 
exposed*

Neural tumors 18 8 6 4 6 0 6 4

Neuroblastoma 7 5 2 2 1 0 4 3

Astrocytoma/glioma 5 1 2 0 1 0 2 1

Retinoblastoma 3 1 1 1 2 0 0 0

Ependymoma 1 0 0 0 1 0 0 0

Medulloblastoma 1 1 1 1 0 0 0 0

Not specified 1 0 0 0 1 0 0 0

Hematologic malignancies 22 10 8 4 7 3 7 3

Leukemia 17 7 7 3 5 3 5 1

Non-Hodgkin’s 
lymphoma 4 2 1 1 2 0 1 1

Hodgkin’s disease 1 1 0 0 0 0 1 1

Miscellaneous tumors 12 3 4 2 3 0 5 1

Wilms’ tumor 7 3 3 2 2 0 2 1

Hepatoblastoma 2 0 1 0 1 0 0 0

Rhabdomyosarcoma 2 0 0 0 0 0 2 0

Fibrosarcoma 1 0 0 0 0 0 1 0

All malignancies 52 21 18 10 16 3 18 8
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Laboratory methods

Antibody testing was performed on paired maternal serum
samples (previously stored at –20°C) for the earliest and
latest samples from each mother’s pregnancy. To mask spec-
imens with respect to case/control status and pairing, we
relabeled samples and randomly sorted them prior to ship-
ment to testing laboratories.

Sera were tested for SV40 antibodies using a previously
described virus-like particle (VLP) enzyme immunoassay
(17). Briefly, SV40 VLPs are empty capsids, generated by
spontaneous self-assembly of the major capsid protein VP1,
that retain many immunologic properties of native virions. In
rhesus macaques, the SV40 VLP assay previously exhibited
100 percent sensitivity and 100 percent specificity with
respect to a plaque neutralization assay (plaque assay) (17).
For the present study, we included control serum samples
from macaques that were seropositive (n = 29) or seronega-
tive (n = 10) on the plaque assay. In humans, some reactivity
measured by the SV40 VLP assay may represent cross-

reactivity to the human polyomavirus BK (17–19). There-
fore, we also tested all specimens for antibodies to BK virus
using an analogous BK virus VLP enzyme immunoassay
(17). All specimens in both VLP assays were measured in
duplicate, and we used the geometric mean of the duplicates
in the analyses. SV40 VLP seropositivity was determined
using a cutoff absorbance of 0.10 optical density units,
obtained from an inspection of the histogram of absorbance
results and similar to that used previously (19).

Additionally, we performed a plaque assay for SV40
neutralizing antibodies (20). Sera initially positive (i.e., 80
percent reduction of plaque counts as compared with control
wells) at a dilution of 1:10 were titrated further at 1:40 and 1:
160 dilutions. Titers were missing for 18 specimens because
of fungal contamination of the assay plates. With each batch
of approximately 100 serum samples, we included diluted
serum from an SV40-infected macaque. This positive
control sample inhibited plaque formation consistently at 1:
500 and 1:5,000 dilutions and variably at a 1:50,000 dilution.

TABLE 2.   Characterization of mothers of cancer cases (n = 50) and controls (n = 200) enrolled in the 
Collaborative Perinatal Project in 1959–1966 who were selected for a case-control study of poliovirus 
vaccine

* Informative serum pairs were those in which mothers received at least one dose of poliovirus vaccine in the
window defined by the serum dates.

† The window was defined by the paired maternal serum samples evaluated for polyomavirus antibodies.
Specifically, the window was the period from 6 weeks before the first serum sample to 6 weeks before the
second serum sample; see Materials and Methods.

‡ IPV, inactivated poliovirus vaccine; OPV, oral poliovirus vaccine; NA, not applicable.
§ A total of 122 control mothers who received “unspecified poliovirus vaccine” (not specified as inactivated

poliovirus vaccine or oral poliovirus vaccine) during pregnancy were excluded from potential sampling.

All mothers Mothers with informative 
serum samples*

No. 
selected

No. 
available

Mean 
window 

(weeks)†

No. 
selected

No. 
available

Mean 
window 

(weeks)†

Case mothers 50 50 24.9 21 21 24.9

Received pre-1963 vaccine 20 20 23.1 16 16 25.1

Pre-1963 IPV‡ 20 20 23.1 16 16 25.1

Pre-1963 OPV‡ 0 0 0 0

Did not receive pre-1963 vaccine 30 30 26.1 5 5 24.3

1963+ IPV 1 1 29.6 1 1 29.6

1963+ OPV 5 5 24.9 4 4 22.9

No vaccine 24 24 26.2 NA‡ NA NA

Control mothers§ 200 48,745 22.0 131 15,257 23.6

Received pre-1963 vaccine 100 10,771 20.7 82 8,389 22.3

Pre-1963 IPV 90 10,187 20.6 72 8,026 22.5

Pre-1963 OPV 10 584 21.3 10 363 21.3

Did not receive pre-1963 vaccine 100 37,974 23.3 49 6,868 25.6

1963+ IPV 45 6,583 26.0 45 5,848 26.0

1963+ OPV 5 2,242 18.1 4 1,020 21.7

No vaccine 50 29,149 21.4 NA NA NA
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Statistical methods for case-control analysis

Using paired SV40 VLP results, we classified mothers as
seroconverters (negative on the first specimen, positive on
the second specimen), seroprevalent (positive, positive),
seronegative (negative, negative), or seroreverters (positive,
negative). We defined plaque assay seroconversion simi-
larly, considering a titer of 1:40 a positive result. Women
whose seroconversion status could not be classified because
of missing titers were excluded from analysis. As alternative
definitions for seroconversion, we considered other cutoff
points (0.08 optical density units for the VLP assay; titers of
1:10 and 1:160 for the plaque assay) and a fourfold increase
in titer (plaque assay), but these did not produce qualitatively
different results (not shown).

We hypothesized that SV40 seroconversion during preg-
nancy (i.e., new SV40 infection) would be associated with
the highest cancer risk in children, although we considered
that seroprevalent maternal status might also convey risk. To
address this question, we fitted a logistic regression model to
assess whether maternal SV40 seroconversion status (sero-
converter vs. seroprevalent vs. other; independent variable)
was related to risk of childhood cancer (case/control status;
dependent variable). We used software developed by
Breslow and Chatterjee (21) to estimate parameters and their
variances with a pseudolikelihood method that adjusted for
the sampling scheme described above (22).

We also fitted a logistic regression model to assess
whether, among control mothers, SV40 seroconversion
(dependent variable) was related to vaccination status
(receipt of pre-1963 inactivated poliovirus vaccine vs. other
poliovirus vaccine/no vaccine; independent variable). We
used as weights the sampling fractions from strata defined by
vaccination and informativeness. Asymptotic variance esti-
mates were obtained (23).

RESULTS

Cohort description

Of 54,796 children in the Collaborative Perinatal Project,
27,857 (50.8 percent) were male, and 25,148 (45.9 percent)
were White. The median age of mothers at delivery was 23.8
years (interquartile range, 20.5–28.6).

Overall, 21,649 children (39.5 percent) had mothers who
received poliovirus vaccine during pregnancy: 12,334 chil-
dren (22.5 percent) had mothers who received pre-1963
poliovirus vaccine and 9,315 (17.0 percent) had mothers
who received only 1963+ poliovirus vaccine. Maternal
receipt of inactivated poliovirus vaccine during pregnancy
declined over time (i.e., 38–51 percent for children born in
1959–1962 vs. 25–33 percent for children born in 1963–
1966). Maternal receipt of oral poliovirus vaccine during
pregnancy was rare (<4 percent) for children born before
1963 and peaked at 19 percent for those born in 1964. Addi-
tionally, few mothers (<1 percent) received poliovirus
vaccine of unspecified type. Among mothers who received
pre-1963 poliovirus vaccine during pregnancy, the mean
number of doses was 1.3.

White children were more likely to have mothers who
received poliovirus vaccine during pregnancy than were

non-White children (48.6 percent vs. 31.8 percent; p <
0.0001). Males were slightly less likely to have vaccinated
mothers than were females (39.1 percent vs. 39.9 percent;
p = 0.05). In addition, vaccinated mothers were older than
unvaccinated mothers (mean age = 25.5 years vs. 24.7 years;
p < 0.0001).

Association between maternal receipt of poliovirus 
vaccine and malignancies in children

Fifty-two malignancies were identified during follow-up
(incidence = 15 per 100,000 person-years). These included
18 neural tumors, 22 hematologic malignancies, and 12
miscellaneous tumors (table 1). Overall, we included 16
cancers diagnosed at ages 0–3 years that were not previously
identified by Heinonen et al. (9). In addition, we excluded
six cases included in Heinonen et al.’s report: two micro-
scopic neuroblastomas diagnosed only at autopsy (readily
confused with a normally developing adrenal gland) (24),
one ovotestis mistakenly classified as a tumor, and three
Wilms’ tumors that we could not identify (all three were
reportedly found in children whose mothers had not received
poliovirus vaccine during pregnancy). One case of leukemia
was reclassified as a case of non-Hodgkin’s lymphoma.

Children whose mothers had received pre-1963 poliovirus
vaccine during pregnancy had the highest overall risk of
cancer, while children whose mothers had received only
1963+ poliovirus vaccine or no vaccine had similar risks
(figure 1, panel A). This difference in risk between children
whose mothers had received pre-1963 vaccine and those
whose mothers had not was significant (hazard ratio = 2.3,
p = 0.004; table 3). Similar patterns were observed specifi-
cally for neural tumors and hematologic malignancies
(figure 1, panels B and C), with significantly elevated risks
being present for children whose mothers had received pre-
1963 poliovirus vaccine (hazard ratio = 2.6 (p = 0.04) and
hazard ratio = 2.8 (p = 0.02), respectively; table 3). Among
neural tumors, there were sufficient numbers of cases only of
neuroblastoma to examine separately the association with
maternal receipt of pre-1963 vaccine (hazard ratio = 8.2, 95
percent confidence interval (CI): 1.6, 43; p = 0.01). The risk
of miscellaneous tumors did not differ across groups (figure
1, panel D; table 3). These relations did not change after
adjustment for sex, race, and maternal age (table 3).

Subjects included in the case-control study

Paired maternal serum samples were available for 50 cases
(96 percent). We selected 200 of 48,745 eligible control
mothers, of whom 100 (50 percent) had received pre-1963
poliovirus vaccine during pregnancy (90 had received pre-
1963 inactivated poliovirus vaccine). The remaining 100
control mothers either had received only 1963+ poliovirus
vaccine (n = 50) or had not received poliovirus vaccine (n =
50).

Among case and control mothers who received poliovirus
vaccine during pregnancy, the proportions with informative
paired serum samples (i.e., serum samples that bracketed
poliovirus vaccination) were similar (81 percent vs. 87
percent). In addition, the durations of windows defined by
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paired serum samples were similar in case and control
mothers (mean of 24.9 weeks vs. 22.0 weeks; table 2).

SV40 antibody results

SV40 VLP assay results for 500 serum samples (i.e.,
paired specimens from 250 case and control mothers) are
shown in figure 2, panel A. SV40 VLP results were bimod-
ally distributed, with a trough at an absorbance of 0.10.
Using this value as a cutoff, 82 serum samples (16 percent)
were considered SV40 VLP-seropositive. Using the same
cutoff, the SV40 VLP assay identified 28 of 29 SV40 plaque
assay-seropositive monkeys (97 percent) as VLP-seroposi-
tive, while 10 of 10 plaque assay-seronegative monkeys (100
percent) were VLP-seronegative.

Ninety-nine serum samples (20 percent) were positive on
the plaque assay. Plaque assay antibody titers were available
for 81 samples: 30 (37 percent) were positive at 1:10, 33 (41
percent) were positive at 1:40, and 18 (22 percent) were
positive at 1:160. SV40 plaque assay titers were modestly

correlated with SV40 VLP results (Spearman correlation =
0.36; p < 0.0001).

SV40 seroconversion in mothers of cases and controls

Using the SV40 VLP assay (table 4), SV40 seroconver-
sions were seen in four case mothers (8 percent) and six
control mothers (3 percent). Accordingly, case mothers were
more likely to seroconvert during pregnancy than control
mothers (sampling-adjusted odds ratio (ORSA) = 4.0, 95
percent CI: 1.0, 15.7). Case mothers and control mothers
were equally likely to be SV40-seroprevalent at the start of
pregnancy (12 percent vs. 13 percent; ORSA = 0.8, 95 percent
CI: 0.3, 2.1).

Using the plaque assay, SV40 seroconversion was evalu-
able for 233 mothers (table 4). Seroconversions occurred in
three case mothers and eight control mothers (7 percent vs. 4
percent; ORSA = 1.5, 95 percent CI: 0.3, 6.3), while two case
mothers and 13 control mothers were seroprevalent (4
percent vs. 7 percent; ORSA = 0.3, 95 percent CI: 0.1, 1.7). In

FIGURE 1. Incidence of cancer among children aged 0–7 years enrolled in the Collaborative Perinatal Project in 1959–1966, as a function of
maternal receipt of poliovirus vaccine during pregnancy. Panels A–D present data for all malignancies combined (panel A), neural tumors (panel
B), hematologic malignancies (panel C), and miscellaneous tumors (panel D). Children were classified according to their mothers’ vaccination
status during pregnancy: solid line, receipt of pre-1963 poliovirus vaccine; dashed line, receipt of poliovirus vaccine only in or after 1963; dotted
line, no poliovirus vaccine exposure. Table 3 provides corresponding hazard ratios and results of significance tests (see text).
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total, only six case mothers seroconverted to SV40 during
pregnancy, according to the VLP or plaque assay (table 5).

Receipt of pre-1963 inactivated poliovirus vaccine was
associated with SV40 seroconversion according to the VLP
assay but not the plaque assay. Specifically, among control
mothers, VLP assay seroconversion was seen in four (4
percent) who received pre-1963 inactivated poliovirus
vaccine and two (2 percent) who did not (ORSA = 7.5, 95
percent CI: 1.4, 42). With the plaque assay, SV40 serocon-
version was observed in four control mothers (5 percent)
who received pre-1963 inactivated poliovirus vaccine and
four (4 percent) who did not (ORSA = 0.9, 95 percent CI: 0.2,
3.8).

BK virus antibody results

BK virus VLP reactivity was generally much stronger than
SV40 VLP reactivity, and results were less clearly bimodal
(figure 2, panel B). BK virus results were moderately corre-
lated with SV40 VLP results (Spearman correlation = 0.40;
p < 0.0001) and less strongly correlated with SV40 plaque
assay titers (Spearman correlation = 0.20; p < 0.0001).

When we used the same cutoff value as that used for the
SV40 VLP assay (absorbance = 0.10), 377 samples (75
percent) were seropositive for BK virus. Most mothers (80
percent of cases, 70 percent of controls) were BK virus-

seroprevalent at the start of pregnancy. BK virus seroconver-
sions were observed in two case mothers (4 percent) and
seven control mothers (4 percent).

DISCUSSION

Our analysis of data from the Collaborative Perinatal
Project identified significant relations between maternal
receipt of poliovirus vaccine during pregnancy and risk of
neural tumors and hematologic malignancies in subse-
quently born children (figure 1). These associations were
limited to poliovirus vaccine administered prior to 1963,
when perhaps 10–30 percent of doses of inactivated polio-
virus vaccine contained live SV40 as a contaminant (1).
Notably, however, in our accompanying case-control study,
we found that mothers of Collaborative Perinatal Project
cancer cases and controls exhibited only infrequent and low-
level antibody reactivity to SV40. Indeed, maternal SV40
seroconversion during pregnancy was rare, even for cancer
cases (table 5). As we discuss below, these findings do not
support a role for SV40 in inducing malignancy in these
children.

In our cohort analysis, the observed association between
maternal poliovirus vaccination and neural tumors (hazard
ratio = 2.6) was markedly attenuated compared with that
reported previously by Heinonen et al. (relative risk = 12)

TABLE 3.   Association between maternal receipt of poliovirus vaccine during pregnancy and childhood cancer among 
children enrolled in the Collaborative Perinatal Project in 1959–1966

* HR, hazard ratio; CI, confidence interval.
† p values are two-sided and were calculated using a Wald test.
‡ Adjusted for sex, race (White vs. non-White), and mother’s age at delivery (approximate tertiles: <21, 21–24, or ≥25 years).
§ Reference category.

Outcome and maternal vaccination 
status during pregnancy

No. of 
events

Incidence per 
105 person-

years

Unadjusted 
HR*

95% 
CI*

p 
value†

Adjusted 
HR‡

95% 
CI

p 
value†

All cancers

No vaccine 25 12 1.0§ 1.0§

1963+ poliovirus vaccine 6 11

Pre-1963 poliovirus vaccine 21 27 2.3 1.3, 3.9 0.004 2.1 1.2, 3.7 0.008

Neural tumors

No vaccine 8 4 1.0§ 1.0§

1963+ poliovirus vaccine 2 4

Pre-1963 poliovirus vaccine 8 10 2.6 1.0, 6.7 0.04 2.5 1.0, 6.3 0.06

Hematologic malignancies

No vaccine 10 5 1.0§ 1.0§

1963+ poliovirus vaccine 2 4

Pre-1963 poliovirus vaccine 10 13 2.8 1.2, 6.4 0.02 2.5 1.1, 5.6 0.03

Miscellaneous tumors

No vaccine 7 3 1.0§ 1.0§

1963+ poliovirus vaccine 2 4

Pre-1963 poliovirus vaccine 3 4 1.1 0.3, 4.1 0.88 1.2 0.3, 4.6 0.82

}

}

}

}

}

}

}

}
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(9). One reason for this difference was that the previous
investigators evaluated risk related to all inactivated polio-
virus vaccines, regardless of year of receipt, whereas we
considered pre-1963 vaccine to be relevant to an analysis of
SV40-related cancer risk. Specifically, for children under 4
years of age, they classified one child with astrocytoma as
having maternal vaccine exposure, although the mother
received inactivated poliovirus vaccine only in 1963.
Substantial attenuation also resulted from our inclusion of
six additional neural tumors among children aged 0–3 years
(table 1). We do not know why Heinonen et al. were unaware
of these cases, but all were children who lacked maternal
exposure to pre-1963 poliovirus vaccine. Additionally,

among 631 children whose mothers received pre-1963 oral
poliovirus vaccine, classified by us but not by Heinonen et
al. as having relevant vaccine exposure, none developed a
neural tumor. Indeed, we found only a modest association
between maternal receipt of pre-1963 poliovirus vaccine and
risk of neural tumors in children aged 0–3 years (hazard
ratio = 1.7). Of further note, among children aged 0–7 years,
the association between maternal receipt of pre-1963
vaccine and risk of neural tumors was especially strong for
neuroblastoma (hazard ratio = 8.2), even though SV40 has
never been detected in neuroblastoma (3, 25). Overall, the
validity of our methods for ascertaining cancer outcomes
was supported by the close correspondence of the observed
number of cases with expected rates (13).

In our case-control study, we found no consistent relation
between maternal SV40 seroconversion during pregnancy
and cancer in children. With the VLP assay, maternal sero-
conversion was associated with an increased overall cancer
risk in children (ORSA = 4.0), but this association was not
observed with the plaque assay (ORSA = 0.9). Importantly,
the few SV40 seroconversions that we observed were in
mothers of children with diverse malignancies, with no
apparent pattern (table 5). Seroconversion in both assays was
seen for only one woman whose child developed neuroblas-
toma. SV40 DNA has been reported by some laboratories in
cases of ependymoma, astrocytoma/glioma, Wilms’ tumor,
and non-Hodgkin’s lymphoma (3, 26–28). Additionally,
Farwell et al. previously reported an association between
maternal poliovirus vaccination during pregnancy and child-
hood medulloblastoma (29). Even though our study included
children with each of these malignancies, maternal serocon-
version by either SV40 assay was documented only for one
astrocytoma.

Perhaps surprisingly, we did not find an unambiguous
association between seroconversion and receipt of pre-1963
inactivated poliovirus vaccine. With the VLP assay but not
with the plaque assay, SV40 seroconversions were observed
more frequently in mothers who received pre-1963 inacti-
vated poliovirus vaccine than among other mothers. Still,
SV40 seroconversions by either assay were distinctly
uncommon in women who received pre-1963 inactivated
poliovirus vaccine. SV40 neutralizing antibodies can be
detected within 2–5 weeks of human or macaque infection
(30–32), so our use of a 6-week lag in defining informative-
ness should have enabled us to detect seroconversion
following receipt of pre-1963 inactivated poliovirus vaccine.
Furthermore, few women were SV40-seroprevalent at the
start of pregnancy (table 4), though many would have
received pre-1963 inactivated poliovirus vaccine earlier in
life. The proportion of persons who seroconverted to SV40
following one or more doses of pre-1963 inactivated polio-
virus vaccine varied widely (8–92 percent) in previous
studies (10, 33–35). These prior data and our results indicate
that SV40 contamination of the inactivated poliovirus
vaccine used in the United States was somewhat uneven,
with varying frequencies or levels of contamination across
vaccine lots (1).

The generally low amount of SV40 antibody (measured in
terms of VLP absorbance value or plaque assay titer) in
seropositive mothers further militates against SV40’s being

FIGURE 2. Results of polyomavirus virus-like particle enzyme
immunoassay for 500 paired serum samples obtained from mothers
of 250 cancer cases and controls enrolled in the Collaborative Peri-
natal Project in 1959–1966. Histograms of the results are shown sep-
arately for simian virus 40 (SV40) (panel A) and BK virus (panel B).
Results are presented as geometric means of two duplicate absor-
bance (optical density) measurements. The dashed vertical line (0.10
absorbance units) represents the cutoff point for the assay. Note that
the horizontal and vertical scales differ in the two different panels.
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TABLE 4.   Distribution of mothers of cancer cases and controls enrolled in the Collaborative Perinatal Project in 1959–1966, by 
simian virus 40 serostatus

* Plaque assay results were missing for 17 subjects.
† SC, seroconverter; SP, seroprevalent; SN, seronegative; SR, seroreverter; IPV, inactivated poliovirus vaccine; OPV, oral poliovirus

vaccine.
‡ Numbers in parentheses, percentage.

Simian virus 40 virus-like particle assay Simian virus 40 plaque neutralization assay*

No. of 
subjects SC† SP† SN† SR†

No. of 
subjects SC SP SN SR

Case mothers 50 4 (8)‡ 6 (12) 40 (80) 0 46 3 (7) 2 (4) 40 (87) 1 (2)

Received pre-1963 
vaccine 20 2 (10) 2 (10) 16 (80) 0 18 2 (11) 0 16 (89) 0

Pre-1963 IPV† 20 2 (10) 2 (10) 16 (80) 0 18 2 (11) 0 16 (89) 0

Pre-1963 OPV† 0 0 0 0 0 0 0 0 0 0

Did not receive pre-
1963 vaccine 30 2 (7) 4 (13) 24 (80) 0 28 1 (4) 2 (7) 24 (86) 1 (4)

1963+ IPV 1 0 0 1 (100) 0 1 0 0 1 (100) 0

1963+ OPV 5 0 1 (20) 4 (80) 0 5 0 0 5 (100) 0

No vaccine 24 2 (8) 3 (13) 19 (79) 0 22 1 (5) 2 (9) 18 (82) 1 (5)

Control mothers 200 6 (3) 26 (13) 160 (80) 8 (4) 187 8 (4) 13 (7) 163 (87) 3 (2)

Received pre-1963 
vaccine 100 5 (5) 9 (9) 82 (82) 4 (4) 94 4 (4) 5 (5) 83 (88) 2 (2)

Pre-1963 IPV 90 4 (4) 8 (9) 75 (83) 3 (3) 84 4 (5) 5 (6) 74 (88) 1 (1)

Pre-1963 OPV 10 1 (10) 1 (10) 7 (70) 1 (10) 10 0 0 9 (90) 1 (10)

Did not receive pre-
1963 vaccine 100 1 (1) 17 (17) 78 (78) 4 (4) 93 4 (4) 8 (9) 80 (86) 1 (1)

1963+ IPV 45 1 (2) 7 (16) 36 (80) 1 (2) 40 1 (3) 1 (3) 38 (95) 0

1963+ OPV 5 0 2 (40) 3 (60) 0 5 0 2 (40) 3 (60) 0

No vaccine 50 0 8 (16) 39 (78) 3 (6) 48 3 (6) 5 (10) 39 (81) 1 (2)

TABLE 5.   Characterization of cancer cases enrolled in the Collaborative Perinatal Project in 1959–1966 whose mothers 
demonstrated simian virus 40 seroconversion during pregnancy

* Test results for paired maternal specimens are presented.
† SV40, simian virus 40; VLP, virus-like particle; SC, seroconverter; SP, seroprevalent; IPV, inactivated poliovirus vaccine; NA, not

applicable; SN, seronegative.
‡ For women who received poliovirus vaccine during pregnancy, informative serum pairs were those in which at least one dose of poliovirus

vaccine was received in the window defined by the serum dates; see Materials and Methods.

Diagnosis

Age of 
case 
child 

(years)

Polyomavirus serostatus of mother during pregnancy* Vaccination of mother 
during pregnancySV40† VLP† assay SV40 plaque assay BK virus VLP assay

Serostatus
Absorbance 

values Serostatus
Titers 

(reciprocal dilution) Serostatus
Absorbance 

values Status
Informativeness of 

paired serum 
samples‡

Neural tumors

Neuroblastoma 4.9 SC† 0.06, 0.14 SC 10, 160 SP† 0.93, 1.25 Pre-1963 IPV† Uninformative

Neuroblastoma 2.5 SC 0.06, 0.18 SP 40, 160 SP 0.40, 0.75 No vaccine NA†

Astrocytoma 6.3 SC 0.07, 0.14 SN† Negative, negative SP 0.99, 0.51 No vaccine NA

Hematologic 
malignancies

Leukemia 1.8 SC 0.06, 0.12 SN Negative, negative SP 0.23, 0.27 Pre-1963 IPV Informative

Leukemia 2.4 SN 0.03, 0.02 SC 10, 40 SN 0.03, 0.01 Pre-1963 IPV Informative

Miscellaneous 
tumors

Fibrosarcoma 4.7 SN 0.03, 0.08 SC Negative, 40 SP 0.49, 0.92 No vaccine NA
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a cause of childhood cancer. Following initial SV40 infec-
tion in macaques, replication of SV40 leads to a robust anti-
body response (31, 32). Therefore, our results point to an
absence or near absence of productive SV40 infections
among mothers in the Collaborative Perinatal Project. If
vaccine-related exposures in mothers did not lead to produc-
tive infection, transmission of SV40 to children, either in
utero or neonatally, would have been unlikely.

The lack of a more frequent or robust immune response
against SV40 in our subjects was not likely to have been due
to poor assay sensitivity. Although the sensitivity of these
assays for human SV40 infection is uncertain, both SV40
assays reliably detect infection in rhesus macaques, the
natural host (17, 36), and the plaque assay detected SV40
seroconversion following vaccination in prior studies (33–
35). Nonetheless, among mothers in our study, the results of
the SV40 VLP assay and the results of the plaque assay were
not highly correlated. In comparison, BK VLP reactivity was
much stronger (figure 2), and results from each SV40 anti-
body assay were somewhat correlated with BK virus results.
Our findings and those of previous investigations (17–19,
37) suggest that some low-level antibody responses to SV40
seen in humans are nonspecific and are due to cross-reactive
antibodies, perhaps to BK virus. BK virus seroprevalence in
Project mothers was similar to that seen in other pregnant
women (38), arguing against deterioration of stored serum
samples.

An important limitation of our study was the composite
nature of the cancer outcomes that we evaluated. For
instance, although we found an association between
maternal exposure to pre-1963 inactivated poliovirus
vaccine and neural tumors, the most common type of neural
tumor was neuroblastoma, which has not been linked to
SV40 (3). Leukemia was the most frequent hematologic
malignancy, yet SV40 DNA sequences have not been
detected in leukemia specimens obtained from children (39).
Given the somewhat small number of children with cancer,
we were precluded from reaching firm conclusions
regarding particular tumor types. Additionally, it would have
been interesting to examine serum samples or tumor speci-
mens obtained from children at the time that they developed
their malignancies, but these specimens were unavailable.

If vertically transmitted SV40 infection does not explain
the excess cancer risk in children whose mothers received
pre-1963 inactivated poliovirus vaccine during pregnancy,
what accounts for this observed association? Transmission
of poliovirus itself is unlikely to explain our findings, since
poliovirus vaccine used in 1963+ was not linked to an
increased risk of cancer (figure 1), even though a substantial
proportion of this vaccine was oral poliovirus vaccine
(which, unlike inactivated poliovirus vaccine, is a live
vaccine). In addition, poliomyelitis survivors are not at
increased risk of neural or hematologic malignancies (40).
Conceivably, confounding could explain the association
between maternal poliovirus vaccination and childhood
cancer. For example, changes in cancer incidence over
calendar time unrelated to poliovirus vaccination may play a
role. Indeed, overall cancer incidence was higher in children
born before 1963 than in those born subsequently (20 per
100,000 person-years vs. 11 per 100,000 person-years), and

the hazard ratios reported in table 3 were somewhat attenu-
ated after adjustment for calendar year of birth (data not
shown). Alternatively, the associations with maternal vacci-
nation might represent confounding by socioeconomic
status—that is, early poliovirus vaccine may have been most
widely available to women with relatively high socioeco-
nomic status, who were then more likely to return for follow-
up visits when childhood cancers were recorded. Finally, the
associations between maternal vaccination and childhood
cancer could have been due to chance, although the confi-
dence intervals and related p values argue against this possi-
bility (table 3).

In summary, our results do not support a link between
SV40 infection during pregnancy and cancer risk in subse-
quently born children. Our study expands on prior work by
Heinonen et al. (9) and Rosa et al. (10), including additional
children with cancer and incorporating state-of-the-art sero-
logic assays. Nonetheless, our conclusion regarding
maternal vaccination and childhood cancer in the Collabora-
tive Perinatal Project cohort remains the same as that
reached by Rosa et al.: “there appears to be an association
between the administration of killed-poliovirus vaccine to
mothers and neurologic [and hematologic] tumors in their
offspring that is not due to SV40; its basis remains to be clar-
ified” (10, p. 1469). Additional serology-based case-control
studies may be useful in elucidating the potential role of
SV40 in cancer.
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